Opsonization of apoptotic cells and its effect on macrophage and T cell immune responses.
Genetic studies in mice indicate that predisposition to lupus-like diseases is caused by at least three mechanisms: (1) alterations in the threshold of activation of lymphocytes or macrophages; (2) defective signaling for activation-induced cell death; and (3) reduced clearance of apoptotic cells. To define the mechanisms whereby lupus develops in mice with deficiencies in either C1q, serum amyloid P component (SAP, the mouse counterpart of C-reactive protein, or CRP), or serum IgM, we studied the efficiency of phagocytosis of apoptotic cells using serum with varying levels of C1q, CRP, or IgM; we also examined the immune response to ingestion of dying cells under these conditions. Deficiency of C1q led to impaired macrophage phagocytosis of apoptotic cells, whereas CRP augmented phagocytosis, largely through recruitment of the early complement components. Like CRP, normal polyclonal IgM bound to apoptotic cells and activated complement on the cell surface. Similarly, direct binding as well as absorption experiments revealed that CRP and IgM antibodies had a similar ligand recognition specificity, namely lysophospholipids containing phosphorylcholine. IL-12 provides a pivotal link between macrophages and the T cell response to ingested material. We observed that necrotic cells induced IL-12 p40 expression, whereas phagocytosis of apoptotic cells profoundly reduced IL-12 production from stimulated macrophages. Furthermore, soluble factors from macrophages that had ingested apoptotic cells suppressed interferon-gamma production by activated T cells. These findings suggest that phospholipid exposure on apoptotic cells promotes opsonization by serum proteins leading to activation of complement, macrophage ingestion, and T cell suppression. We discuss how deficient opsonization or processing of dying cells leads to autoimmunity.